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I. INTRODUCTION

The Bourne Highway Bridge which crosses the Cape Cod Canal
approximately two miles from its western end provides one of only
two access points between Cape Cod and the mainland (See Figure
1). The bridge carries four ten foot wide traffic lanes plus a
pedestrian sidewalk, and provides a minimum vertical clearance of
135 feet over a horizontal distance of 480 feet for shipping
through the Canal.

The bridge consists of seven spans; a three span continuous truss
main span, and four approach spans. Simple truss approach spans
of 240 feet and 270 feet on the south side, and 240 feet and 208
feet on the north side, flank the 1408 foot main span. The main
span consists of a 616 foot center span with side spans of 396
feet each. The trusses of the center 880 feet are arched,
reaching a maximum height of 120 feet above the roadway at the
center panel point. The roadway deck of the center 440 feet is
suspended from lower truss panel points by double wire rope
hangars at the ends of each flcocorbeam. 2All other floorbeams
frame directly into the trusses. The substructure consists of
two channel piers, four intermediate piers, and two abutments,
all of reinforced concrete. Total length between centerline of -
abutment bearings is 2384 feet. Each abutment provides a
concrete framed bridge deck, 150 feet long, for a total structure
length of 2684 feet (See Figure 2). :

II. INSPECTION PROCEDURE
A. Physical Inspection

The physical inspection of the Bourne Highway Bridge was
performed with two teams of inspectors, using two different
methods of accessing particular areas of the bridge. All team
nemnbers were Corps of Engineer personnel familiar with the
overall bridge geonmetry. One team, consisting of twec Corps of
Engineer inspectors and a contracted equipment operator, worked
from a 150 foot truck mounted aerial platform to access areas
over land or above the bridge deck. This eliminated the need to
rig the majority of the bridge. ‘The second team, also consisting
of two Corps of Engineer inspectors, inspected the underside of
the suspended portion of the main span which was above the Canal.

The aerial platform and rigging of safety cable along the wind
chords on the east and west sides of the bridge were procured by
contract with Marr Scaffolding Co., Boston, MA. Inspection of
the underside of the suspended portion of the main span was
accomplished by rigging safety cables along both sides of the
bridge approximately four feet above the level of the wind
cherds. The inspectors accessed the wind chords from the
sidewalk through access panels in the suicide fence. 1In this
manner, safety lines could be secured to the rigged cable prior

1



Truck-mounted aerial platform (Condor 150) in various
locations, accessing underside of Bourne Bridge.
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to actual traversing of wind chords. The physical inspection was
then performed from the wind chords, cross bracing and catwalk.

Inspection of the remaining portions of the bridge was performed
from the aerial platform. Spans 2 through 7 were accessed from
the bridge, while the arch portion of Span 1 was accessed from
the deck surface. During the inspection of the arch portion of
Span 1, traffic control limiting vehicular flow to one lane in
each direction on the curb (east) side of the bridge was
required. All aspects of traffic control were capably and safely
provided by personnel from the Cape Cod Canal Office.

Sequence of inspection proceeded from the south side of the
bridge working from Pier 1 southward completing Spang 3, 5 and 7;
then proceeded toc the north side of the bridge working from Pier
2 northward completing Spans 2, 4 and 6; concurrently the second
inspection team completed the underside of Span 1 working from
south to north; the final area inspected was the arch portion of
Span 1 from the deck surface (this was performed after Labor Day
to minimize any impact on traffic.)

New England Division personnel directly engaged in the field
inspection and subsequent preparation of this report include the
following:

Joseph A. Colucci, P.E, NEDED
Francis C.K. Fung, P.E. NEDED
Francis K. Keefe NEDCD
Michael E. Walsh, P.E. NEDED

B. Documentation

The inspection was set up such that every structural steel member
(main and secondary), bearing, connection, hangar cable, pier,
abutment, etc., was visually inspected to ensure that any area of
deterioration or possible area of concern of any type was
properly noted. All pertinent data was recorded in field logs
and on microcassette recorders.

Numerous photographs were taken showing both the general
condition of the various members and parts of the structure, and
details of any deteriorated areas of note. A complete set of
photographs (including negatives), as well as all field logs and
microcasettes completed during the inspection, are on file in the
General Engineering Branch, Design Division, Engineering
Directorate; New England Division, Waltham, MA. The most
appropriate of these photographs were selected and included as
Appendix A of this report. To provide continuity between report
text and Appendix A photographs, the Appendix has been divided
into the feollowing sections:



Section Pages Description

1 A-1 - A-3 Substructures, Concrete

2 A-4 - A-7 Bearings

3 A-8 - A-11 Main Members

42 A-12 - A-15 Lateral Bracing and
Connections, Span 1

4B A-16 - A-20 Lateral Bracing and
Connections, Spans 2-7

5 A-20 - A-23 Cable Hangars, Misc.
Steel Underdeck, Span 1

6A A~-24 - A- 26 Steel Members Below Joints
at Panel Pond 107

6B A-27 - A-2% Steel Members Below Other
Joints

7 A-30 Scuppers

8 A-31 Sidewalk Framing

9 A-32 Sidewalk/curb Exterior,
Suicide Fence

10 A-33 Catwalk, Underside of Deck

11 A-34 Miscellaneous

III. PURPOSE

The primary objective of this inspection is to maintain
conformance to the National Bridge Inspection Standards of the
Federal Highway Administration. However, the criticality of this
structure to both the Corps of Engineers and the general public,
as well as any legal obligations, dictates a systematic and
thorough inspection which satisfies the following objectives:

1. Locate and determine the extent of any structural
deficiency, whether critical or minor, resulting from
normal deterioration or any other cause.

2. Develop a chronological record of the conditions of the

bridge, providing a basis for analyzing the significance of
any structural changes.

3. Provide an effective and efficient maintenance program by
early detection of structural deficiencies including prompt
identification of areas or members which may require more
detailed future inspection and/or testing procedures.

4. Maximize public safety by the elimination or correction
of all hazardous or potentially hazardous conditions.



IV. INSPECTION ITEMS

The following items were visually inspected:
A, SUBSTRUCTURE

1. Abutments
2. Main Channel Piers
3. Intermediate Piers

B. SUPERSTRUCTURE

1. Truss Bearings
2. Main Truss Members & Connections
3. Truss Bracing Members & Connections
4, Cable Hangars (Span 1 only)
5. Floor Beams and Stringers
6. Suspended Floor Bracing(Span 1 only)
7. Sidewalk and Curb Supports
8. Deck
9. Expansion Joints
10. Bituminous Wearing Surface & Waterproofing
Membrane
11. Paint
12. Miscellaneous
a. Catwalks
b. Light Standards
¢. Suicide Fence
d. Access Ladders
e. Scuppers
f. Sidewalk/Curb

V. EXISTING CONDITIONS

A. RECENT MAINTENANCE

A major rehabilitation was performed on the Bourne Bridge during
1979 and 1980. Work performed included replacement of the bridge
deck with a steel grid system, with lightweight concrete infill;
new waterproofing membrane and bituminous concrete wearing
surface; strengthening of upper and lower lateral bracing on the
approach spans; repairing over 250 members; repairing or
replacing over 200 gusset or stay plates; replacing approximately
3000 lacing bars; replacing approximately 3000 deteriorated
rivets with high strength bolts; installation of new roadway
joints; and painting the steel superstructure.
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B. SUBSTRUCTURE
1. Abutments.

Both the North and South Abutments were found to be in good
condition. In 1969 and again in 1986, all piers and abutments
were patched in areas of spall deterioration and epoxy injected
in areas of significant cracks. In general, these repairs appear
to be in good condition, although deterioration of patches at the
top edges of bearing seats on both abutments were observed. See
Photo B27-4, Page A-1. In 1988, the top 1 1/2 inches of the
abutment (the tops of which serve as the roadway deck) was
replaced with an equivalent depth microsilica concrete overlay.
The overlay was covered with a new waterproofing membrane and a

1 1/2 inch bituminous concrete wearing surface. This repair
alsc appears to be in good condition. Areas of isolated
deterioration were noted on sections of brestwalls, wingwalls and
parapets. The parapets, in particular, showed several areas of
apparent unsound concrete.

2. Piers.

a. Channel Piers.

Piers 1 and 2 are gravity structures consisting of hollow shafts:
tied by a hollow cap beam and supperted on a concrete monclith
twenty-five feet thick. A granite-faced pedestal, 14-foot high
sits on the supporting monolith. The shafts above the granite-
faced pedestal are reinforced with structural steel frames.

The overall condition of Piers 1 and 2 is very good. As
mentioned previously, spalls and cracks were patched or epoxy
injected in 1969 and again in 1986, and these repairs appear to
be in good condition. The granite stone facing at the waterline
consists of 2 foot high stone of varying lengths and depths. The
general condition of the granite stone and mortar joints appears
to be very good with isolated areas of minor mortar loss from
joints. The overall gcod condition of Piers 1 and 2 is shown in
Photos B37-1 and B35-19, pages A-2 and A-3, respectively.

b. Intermediate Piers.

Piers 3, 4, 5 and 6 are gravity structures consisting of two
shafts tied by a cap beam and supported on a concrete monolith of
varying length. The four piers are generally in good condition.
Similar to the main channel piers, the intermediate piers were
repaired in 1969 and 1986 by patching and epoxy injection. These
repairs appear to be only in fair condition. Deteriorating
patches along the top edges of Piers 3, 4 and 6, and dgeneral
surface staining and minor surface abrasion, primarily on the
tops of all intermediate piers were observed. The condition of
substructure elements are shown in Appendix A, pages A-1 to A-3.
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C. SUPERSTRUCTURE

1. Truss Bearings.

The truss bearings are configured from south to north, with
corresponding Appendix A locations as indicated below:

Location Type Appendix A
South Abutment Fixed A-4
Pier 5 South Expansion A-4
Pier 5 North Fixed A-4
Pier 3 South Expansion A-5
Pier 3 North Expansion A-5
Pier 1 Fixed A-5
Pier 2 Expansion A-7
Pier 4 South Expansion A-6
Pier 4 North Expansion A~6
Pier 6 South Fixed A-7
Pier 6 North Expansion A-7
Nerth Abutment Fixed A-7

All truss bearings were found to be in good condition and appear
to be functioning properly. Previously reported bent anchor
bolts at bearings on Piers 3, 4 and 5 were repaired in 1979. The
condition of truss bearings are shown in Appendix A, pages as
noted above.

2, Main Truss Members and Connections.

The primary structural support for the roadway is provided by two
lines of trusses, one at each side of the deck. Main truss
members consist of built-up shapes, plates and lacing bars.

The main truss members and connections in all spans were found to
be in good condition. All rivets, stay plates and stiffener
plates previously reported to have significant deterioration have
all been replaced in 1979 as indicated above. Most members,
however, show some degree of rusting varying from minor to
occasionally moderate. The interiors of upper and lower chords,
which present particularly difficult access problems, show
extensive peeling of existing paint. See Photos BC3-16 and BC7-
15, page A~8, and B8-1 and B20-8, page A-8. The underside of
laces on the top of lower chords and diagonals, and stiffener
plates on the interior of connections, other areas of difficult
access, also show accelerated rates of rusting and peeling. See
Photos B5-18, Bl11-5, and B21-13, page A-9; and B20-8, page A-10.
The condition of main truss members and connections are shown in
Appendix A, pages A-8 to A-11.



3. Truss Bracing Members and Connections.

The bracing for the trusses consists of the upper lateral, lower
lateral, and vertical sway bracing systems.The previous condition
report stated that the upper and lower lateral bracing systems
were in the worst condition of any of the structure elements. As
indicated previously, extensive rehabilitation was performed on
the bracing systems in 1979.

a. lateral Bracing Connections.

The lateral bracing connections, although generally in good
condition, continue to show the worst corrosion of any bridge
element. Because of the nature of the connections (horizontal
and oriented such that moisture cannot escape easily), minor to
moderate rusting is evident, even on gusset plates replaced in
1979. The worst deterioration is at horizontal gusset plates.
Sand and bird excrement deposited in these areas retain moisture,
which accelerates rusting of the steel. Particular attention to
timely and thorough cleaning and painting of these plates is
essential to maintain adequate condition.

b. Lateral Bracing Members.

In Spans 1, 2 and 3 lateral bracing members consist of four
angles connected by lacing bars. In the approach spans (Spans 4,
5, 6 and 7), lateral bracing members originally consisted of two
angles back to back. All upper lateral bracing (reported
previously to be bowed vertically from either its own weight or
excessive compressive forces) has been strengthened by adding an
MC 10 x 28.5 channel to existing back to back angles. All
original lower lateral bracing (back to back angles) have been
replaced with more substantial back to back 5 x 5 x 3/8 angles.
New connecting gusset plates and high strength bolts were
included as required.

The overall condition of the horizontal bracing connections and
members, although showing some degree of rusting, is still good.
As noted previously, the worst rusting is at horizontal gusset
plates, although areas of minor rusting is also quite prevalent
between outstanding legs of back to back angles. The build up of
bird excrement with subsequent deterioration of gussets and
member ends continues to be an on going problem which requires
particular attention during cleaning and painting, and may
require periodic rehabilitation. The problem is most acute at
the ends of lower horizontal struts. See Photos BC7-«21 and BC9-
21, page A-13, and B5-17, B7-5, and B3-21, page A-17. Numerous
horizontal struts exhibit up to moderate rusting along their
length, with particular problem areas located at Span 1 upper
strut locations where the strut axis is rotated and water cannot
drain from the trough formed in the lower leg of the upper
channel. See Photos BC7-25, BC3-20, and BC9-2, page A-2.



c. Sway Bracing.

The overall condition of the sway bracing is good. Deteriorated
sway bracing members and connections were replaced in 1979 and
except for minor areas of rusting, no particular areas of
distress were noted. The condition of bracing members and
connections is shown in Appendix A, pages A-12 to A-15 for Span
1, and pages A-16 to A-19 for Spans 2 - 7.

4. Handgar Cables.

The hangar cables are located at each lower panel point in the
main span (Span 1) from panel point 11 to 11’, and support the
floor beams for this portion of Span 1. There are two cables at
the end of each floorbeam, varying in length from 18 to 73 feet,
suspended from the lower panel points of the lower chords of the
arched truss. New cables were installed in 1986.

The hangar cables were inspected from the upper socket connection
at the lower chord panel pcint, down to the lower socket
connection at the wind chord level. All cables and connections
were found to be in excellent condition with no signs of wear.
Because of their age and good condition, no further testing was
considered necessary at this time. The condition of the hangar
cables is shown in Appendix A, pages A-20 to A-22.

5. Floorbeams and Stringers.

The roadway deck is supported by nine lines of stringers, 24 or
27 inch deep beams (depending on span length) spaced at 5 feet.
The stringers frame into 60 inch deep floor beams which span 50
feet between trusses and are spaced at distances from 26 to 44

feet apart.

The condition of the floorbeams is very good, with only isolated
areas of minor rusting noted. Areas of serious deterioration
previously reported at the east and west ends, in the top flanges
along sidewalk channel clip angles, and outstanding legs of
stiffener angles, were all repaired in 1979. Any deteriorated
rivets were also replaced with high strength bolts at that time.
All repairs are in very good condition. Areas of accelerated
rusting do occur at locations beneath roadway Jjoints,
particularly at floorbeam ends. Examples of this can be seen in
Photos B22-20, B22-23, Bl4-2 and B22-18 on page A-27; and also in
Photos B46-22, B46-20, and B45-10 on page A-29,

The condition of stringers is also very good, with the only
exception being rusting along the top flanges and webs of
exterior stringers on both sides of the bridge. Areas of
detericration previously reported on flanges of exterior
stringers and occasionally into the webs were repaired in 1979.
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Deteriorated rivets were also replaced with high strength bolts
at that time. All repairs are in very good condition. The
condition of floorbeams and stringers is shown in Appendix a,
pages A-27 and A-29.

6. Suspended Floor Bracing (Span 1 only).

The suspended floor bracing consists of a system of diagonals and
longitudinal windchords forming a horizontal truss between panel
points 10 and 10’. Suspended floor bracing members were found to
be in generally good condition with the exception of the ends
near panel points 10 and 10’. In the past leakage through the
old, open roadway joint system above had been a continuing source
of corrosion of the steel. Despite extensive replacement of
severely deteriorated laces and rivets, and installation of new
roadway joints, all in 1979, accelerated corrosion appears to
still be a problem at these locations. The corrosion appears to
be somewhat greater at 10 than 10’, and occurs primarily at the
east and west ends of the truss, an indication that leakage is
not necessarily occurring through the roadway joints. Other
possible leakage routes are from the sidewalk and curb surfaces
down the exterior face; through bituminous pavement and curb
intersection where the waterproofing membrane is lapped up on to
the uneven face of the granite curb; or possibly at scuppers
located just upgrade of panel points 10 and 10’, where the
waterproofing membrane ‘is similarly lapped up on to the vertical:
face of the scupper. The condition of the suspended floor
bracing is shown in Appendix A, pages A-23 to A-26.

7. Sidewalk and Curb Supports.

The condition of the sidewalk and curb supports were found to be
very good. Isolated areas of rusting at exterior channel
locations were noted. Areas of previous deterioration at clip
angles supporting channels at floorbeams and at angles and
connecting bracing gussets were repaired in 1979 and appear to be
in good condition. The condition of sidewalk and curb supports
is shown in Appendix A, page A-32.

8. Deck.

The original lightweight reinforced concrete deck system was
replaced in 1979 with a new lightweight concrete filled steel
grid deck placed on galvanized steel stay-in-place forms. A one
piece, elastomeric waterproofing membrane and a 2 inch bituminous
concrete wearing surface were placed over the deck to provide
protection from chloride intrusion and a smooth wearing surface.

Although the deck underside is not visible because of the stay-
in-place forms, there is no physical evidence of any deck
deterioration, and at this time it is reasonable to assume that

9



the deck is in very good condition. Some rusting of the stay-in-
place forms was noted at the east and west ends at panel points
10 and 10’ as noted in the previous section. However, this is
not considered to be associated with a deck problem. The
condition of the underside of the stay-in-place forms is shown in
Appendix A, page A-33.

9. Fxpansion Joints.

On the Bourne Bridge Deck there are eight locations at which
provision for movement was provided in the original design.

Prior to 1979 an open joint system was used, and during that time
leakage through the existing steel finger plate joints was cited
as the most significant and continuing cause of deterioration of
the underlying structural steel. Because of this problem, a
substantial percentage of the steel repairs during the 1979
rehabilitation was to steel below joint locations. New joints
were installed as part of the 1979 work and consisted of
segmental traffic seals (Transflex types) at larger joints and
one piece, reinforced strip seals at smaller joint openings. The
type of joint possible was restricted by the available space
between the top of the roadway and the top of the floorbeams.

The location of these joints, the lengths of spans contributing

to expansion at each and the type of joint now in place are
listed below:

Location Span Length for Expansion Joint Tvype

South Abut. 0 (Fixed) 3" Reinf. Neoprene Seal
Pier 5 240 feet 4" Reinf. Neoprene Seal
Pier 3 666 feet Transflex 900

PP 10 0 (End of Susp. Span) 4" Reinf. Neoprene Seal
PP 10‘ 0 (End of Susp. Span) 4" Reinf. Neoprene Seal
Pier 4 1252 feet Neoprene Box Seal

Pier 6 208 feet 4" Reinf. Neoprene Seal
North Abut. 0 (Fixed) 3" Reinf. Neoprene Seal

The overall condition of the existing roadway joints is
considered to be good. The exposed wearing surfaces show no
evidence of excessive wear or failure of anchorages. The
underside appear to be in satisfactory condition with the
adjacent steel showing no greater degree of rusting than in other
areas, with the exception of the areas beneath the joints at

panel points 10 and 10’ as indicated in Section 6, Suspended
Floor Bracing.
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10. Bituminous Wearing Surface/Waterproofing Membrane.

A new waterproofing membrane and bituminous concrete wearing
surface was placed on the truss spans in 1979 and on the abutment
decks in 1988. The overall condition of the membrane and wearing
surface appears to be good. One recurring problem area exists
around scupper inlets where the membrane was lapped up and sealed
to the vertical sides of the scupper inlet. In several locations
leakage between the interface of the scupper sides and the
bituminous wearing surface is evident from the active rusting of
scupper elements and supporting members (See Section 12e,
Scuppers).

11. paint.

The original paint system on the bridge consisted of two coats of
red lead and linseed oil and a finish coat of white lead and
linseed oil. Subsequent repainting have been performed with a
ready mixed paint consisting of aluminum paint, tung oil and
phenolic varnish, The steel within 10 feet of the roadway joints
has been coated with coal tar epoxy. The most recent painting
was completed in 1980 using a three coat system consisting of a
Borosilicate Primer, a Borosilicate Intermediate Coat, and an
Aluminum Borosilicate Finish Coat.

The existing paint on the Bourne Bridge is currently in fair to
poor condition. Flaking, blistering and surface rusting is
evident to some degree on the majority of members and
connections. Particular problem areas continue to be horizontal
gusset plates, areas where water has leaked through roadway
joints or through scuppers, or exterior locations where water has
run off sidewalk or curb surfaces to members below. Poor quality
of surface preparation prior to previous repainting is a
contributing factor to continued deterioration. The majority of
steel work consists of built up members with numercus lacing
bars, stay plates, rivets (or relatively new high strength bolts)
and gusset plates. This type of steel construction presents
serious difficulties in cleaning prior to paint application.
Areas such as the interior of built up truss members present
particularly difficult access problems and appear to have not
received adequate attention during previous repainting contracts.
The majority of photos in Appendix A substantiate the overall
paint condition.

11
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12. Miscellaneous.

a. Catwalk.

The main catwalk runs full length along the underside of the
bridge between abutments and consists of a steel angle supporting
frame and a steel grating walking surface. A second catwalk runs
along the lower chords of the west side of Span 1 from L10‘W to
L16W covering the northwest quadrant of the arch portion of the
structure. Previously deteriorated angles and grating sections
have been repaired or replaced as necessary in 1979. The present
condition of the supporting angles is good with no evidence of
distress noted. Some grating sections (10~15%) show minor
deterioration and section loss and should be replaced.

b. Light Standards.

The overall condition of the light standards is good. Minor
areas of rusting consistent with that of other steel members was
noted.

¢. Suicide Fence,

Previously existing palings and pipe supports were removed from
the original railing system on both sides of the bridge in 1979.
Existing post and channel rails were retained to support new
palings spaced at 6 inches on center and extending 11 feet 9
inches above the sidewalk or curb level to provide a new suicide
deterrent system. The overall condition of the members of the
suicide fence system is very good with no areas of distress
noted.

d. Access Ladders.

Access ladders are provided at eleven locations on the bridge.
There are two ladders at each abutment(one inside, one outside),
one at each of six pier locations extending from the underdeck
catwalk down to the top of each pier, and one providing access
from the abovedeck catwalk to the navigation light at panel point
Ul6W. All ladders are vertical with safety rails permanently
attached to the ladders to accommodate safety belts. The above
deck access ladder is provided with a safety cage in addition to
the safety guide. Deteriorated brackets which attach the ladders
at several locations, and which were previously reported to have
some degree of section loss, were replaced in 1979. The overall
condition of the access ladders is good, with only minor rusting
noted.

12
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e. Scuppers.

On the deck of the Bourne Bridge there are a total of 50 Scuppers
in the design to divert water from the structural steel. The
complete scupper system consists of a 17 2" square grated inlet
which necks down to 6 inches below the deck, a galvanized steel
reducing collar, supporting channels framed into deck stringers,
and a 6 inch diameter galvanized steel drain pipe which
terminates 6 inches below the bottom of existing truss members.

In general, the scupper system is in good condition, with one
exception. As noted previously in Section 10, leakage appears to
be occurring around scuppers based on accelerating rusting of
stay~in-place forms, supporting channels, and the top flanges of
adjacent stringers at scupper locations. This condition occurs
at approximately half of the scupper locations. It is assumed
that this leakage is along the interface between the exterior of
the scupper inlet and the bituminous wearing surface. At this
interface the waterproofing membrane was lapped up and sealed to
the vertical sides ¢of the inlet prior to placement of the
bituminous wearing surface, and in affected areas this seal is
apparently not functioning properly. This problem could
eventually result in deterioration of the adjacent deck and,
therefore, should be addressed in a timely manner. The condition
of affected scupper locations is shown in Appendix A, pages A-23
and A-30.

f. Sidewalk/Curb.

On the west side of the bridge there is a 6/- 8" reinforced
concrete sidewalk, and on the east side, a 2/- 0" reinforced
concrete curb, both with 5 inch granite curbings. New reinforced
concrete was placed in 1979, and a bituminous waterproofing
membrane with embedded fine aggregate was applied to both
surfaces in 1984. The existing condition of the sidewalk and curb
appears good, and leakage 1is no problem based on the condition of
the supporting steel below (See Appendix A, page A-31). However,
along the surface of the sidewalk, there are numerous locations
where both aggregate and membrane have been worn away by
pedestrian traffic. 1In a few locations the bare concrete has
become exposed. Replacement of the waterproofing membrane is
recommended.
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VI. CONCLUSIONS AND RECOMMENDATIONS
A. General

In general, the condition of the Bourne Bridge is considered to
be good. All fracture critical elements in Spans 1 - 7 are in
good condition with no sign of distress (See next section). The
major rehabilitation begun in 1979 and completed in 1980 has
eliminated all structural deficiencies which had existed previous
to that time. 1In addition, all hangar cables were replaced in
1986, For additional reference, a chronology of all maintenance
and rehabilitation contracts during the life of the structure is
listed in Figure 5.

B. Structure Importance

In addition to normal structure considerations, the Bourne Bridge
possesses certain attributes which magnify its importance and
criticality to an even higher level as listed below:

(1) The Bourne Bridge serves as one of only two vehicular
accesses to Cape Cod, and as such, it is subjected to a high
traffic density of which a substantial portion consists of
truck traffic. Because of the traffic volume and its nature
(high percentage of tcourists), the bridge’s ability to
continue to safely carry current and future loads is
paramount to both the Corps of Engineers and the general
public.

(2) The trusses of both the main span and the approach spans
are considered to be fracture critical. They are so defined
because each is a two parallel truss system with no load
path redundancy; that is, failure of one truss would most
certainly result in the collapse of that particular span.
This may, or may not, be totally accurate for the main span
which is statically indeterminate due to its continuity.
However, at present AASHTO chooses to neglect structural
redundancy (continuity) and requires classification of all
two truss systems as non-redundant, therefore fracture
critical. Thusly defined, considering individual members of
the structure, there are a total of 188 fracture critical
elements as identified in Figure 6 and summarized below:

SPAN East Truss/# FCM West Truss/#FCM Total FCM
1 22 22 44
2-7 12/span = 72 l2/span = 72 144

Total 94 94 188

(3) The structure was originally completed in 1933, making
it approximately 60 years of age.
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(4) The structure is subjected to a corrosive chloride
environment, both from deicing chemicals used on the deck
during winter months, and also from its constant exposure to
the salt water of the Cape Cod Canal below,

Because of this elevated degree of importance, emphasis in the
following areas becomes even more critical:

(a) Maintenance requirements (particularly cleaning and
painting) require timely and thorough implementation.

(b) Major remedial recommendations require prompt
identification, programming and implementation.

(3) Future inspections and required analyses, testing
or studies should be comprehensive in all aspects,
complete to the extent that all criteria are satisfied,
and timely in their performance.

¢. Inspection Summary/ Existing Deficiencies.

Component/Ttem
Abutments

Channel Piers

Intermediate Piers

Paint System

Remarks

Deterioration of patches on bridge seat;
areas of deterioration on brestwalls,
wingwalls, and parapets; areas of
unsound concrete on parapets.

Mortar loss in joints of granite stone
facing.

Deterioration of patches along top edges
of Piers 3, 4 and 6; surface staining
and surface abrasion on pier tops.

Fair to poor condition with flaking,
blistering and surface rusting in most
locations; steel work consists of built
up members with numerous lacing bars,
stay plates, rivets or bolts, and gusset
plates, presenting particular access
difficulties for cleaning and repainting
operations; evidence of inadequate
surface preparation during previous
painting contracts; areas requiring
particular attention: interior of built
up members, horizontal gussets, ends of
lower horizontal struts, upper
horizontal struts (Span 1), ends of
suspended bracing near panel points 10
and 107.
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Catwalk

Scupper

Sidewalk/Curb

Some grating sections (10-15%) with
moderate rusting and minor section less.

Apparent leakage at interface between
scupper inlet and bituminous wearing
surface where waterprocfing membrane is
lapped on to side of inlet; accelerated
rusting of stay-in-placeforms,supporting
channels, and tops of adjacent stringers
beneath affected scupper locations
(approximately 25 of 50 locations).

Deterioration of existing waterproofing
membrane in numerous locations.

D. Recommendation Priority.

Listed below is a categorization system for recommended remedial
action base on the degree of priority as indicated:

Priority
1

Definition

Highest priority, where immediate work is
required to maintain or restore structural
integrity. Recommendations falling into this
category may require limiting bridge loads
until implemented.

Remedial work which is necessary to correct
deterioration or conditions which may affect
structural integrity in the future.

Remedial work where structural integrity has
not been affected, but where aesthetics or
safety is a consideration.

Analyses, studies or testing required to

satisfy NBIS criteria or considered necessary
to properly evaluate structure condition.
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E. Recommendations.

Based on the overall inspection findings, there is no recommended
remedial work which falls into Priority 1. The recommendations
based on this inspection fall into Priorities 2 - 4, and are
listed below with priorities and estimated costs:

1. Clean and repaint all structural steel. Sufficient
attention should be given to ensure adequate surface
preparation and coverage, particularly in areas of
difficult access as indicated above.

Priority 2
Est. Cost $2,500,000

(It should be noted that an FY 92 contract has been
awarded for this work, and work has already begun).

2. Assess the condition of leakage around scuppers, and
design a repair system to eliminate the problem. One
possible solution is the removal of the bituminous
wearing surface from around scuppers, patching of
existing waterproofing membrane, and resealing around
inlet to achieve a more positive seal. Process would
most likely entail the following:

a. Condition survey of all scuppers to define
extent of affected scuppers,

b. Design necessary repairs; prepare plans and
specifications.

¢. Implement repairs.

Priority 2

Estimated Cost a. $25,000
b. $20,000
c. $150,000

3. Design and implement a procedure to rehabilitate the
areas of concrete deterioration on substructure
elements. Typical work should include removing and
repairing or replacing all unsound concrete as
necessary, possible application of penetrating sealer
or protective coatings, repointing mortar joints, etc.
Process would entail the following:

a. Condition survey of all concrete elements.

b. Design repairs; prepare plans and
specifications.

c. Implement repairs.
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c. Implement repairs.

Priority 2/3
Estimated Cost a. $40,000
b. $30,000

c. $300,000%*

*Estimated cost for items 2 and 3 may vary considerably
depending on the results of condition surveys.

4. Remove existing waterproofing membrane from sidewalk
(16,000 SF) and curb (5800 SF) and replace with a new
waterproofing system.

Priority 2
Estimated Cost $200,000

5. Replace deteriorated catwalk gratings; provide a
safety cage around access ladders to Piers 1 -7.

Priority 3
Estimated Cost $100,000

6. Perform rating analysis on structure to determine
actual inventory and operating ratings as required by

NBIS.
Priority 4
Estimated Cost $50,000

7. Remove segments of stay-in-place forms to allow a
more accurate assessment of condition of deck
underside; 10 locations, 5 of which should be adjacent
to areas of accelerating rust below scuppers. This
should be performed concurrently with next inspection.

Priority 4
Estimated Cost $5000

8. During the next inspection, particular attention
should be paid to the condition of the roadway joints
and the underlying steel beneath panel points 10 and
10’ to determine if significant leakage is occurring
through these joints.

Priority 4
Estimated Cost Included in Cost of Inspection
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1971
1973
1976
1976
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1979

1984

1986

12988

1992

BOURNE HIGHWAY BRIDGE

CHRONOLOGY OF MAINTENANCE AND REHABILITATICN

CONTRACT

PAINTING
PAVING
PAINTING
PAVING
PATINTING
PAINTING
REPAIRS
MAJOR
RENOVATION

PATNTING
STRUCTURAL
REPAIRS
PAINTING
PAINTING
STRUCTURAL
REPAIRS
CLEAN
ABUTMENTS
REPLACE
CABLES
MAJOR
RENOVATION

WATERPROOF

REPAIRS
(INCL SAG)

REPAIR ABUT.

DECKS
(INCL SAG)

PATINT

WORK COST($)
Paint superstructure. 14,046
Seal coat -~ Sheet Asphalt. 8,838
Paint superstructure. 34,550
Replace bituminous pavement. 29,490
Paint superstructure. 65,879
Paint superstructure. 44,494
Replace 4 Anchor Bolts(Piers 3&5). 1,468

Resurface roadway and sidewalk, new curbing,
replace 5’ strip deck concrete, electrical work,
new scuppers, concrete repairs, access

ladders, platforms and downspouts. 1,039,848
Paint superstructure. 144,400
Pressure grouting of cracks in

abutments and piers. 27,455
Paint railings. 21,497
Paint superstructure. 260,970
Repair two stringers, Span 4; replace :
sidewalk bracket, Span 1. 40,720
Remove bird excrement from

abutments. 6,835
Remove two pairs of hangar cables for :
testing and replace with new cables. 146,370

Remove old deck & replace with lightweight
concrete filled steel grid deck; new water-
proofing membrane & bituminous wearing surface;
strengthening of upper & lower bracing in

spans; repair over 250 members; repair or replace
over 200 gusset or stay plates; replace approx.
3000 deteriorated rivets with high strength
bolts;new roadway joints; paint
superstructure.

Remove existing & place new waterproofing
proofing membrane on sidewalks and

curbs.

New hangar cables; new drainage pipes;
new waterproofing on curb and Spans 5 & 7;
patch spalls & inject cracks on abutments,
piers & parapets; electrical work;

paint superstructure.

Remove exist. bituminous w.p. membrane

& top 1 1/2" of deck concrete; new 1 1/2"
microsilica overlay; new w.p. membrane &
bituminous concrete wearing surface.

Paint superstructure (work in

progress).

11,000,000

90,000

956,000

900,000

2,500,000

Figure 5



BOURNE HIGHWAY BRIDGE

FRACTURE CRITICAL MEMBERS

SPAN LOWER CHORDS

1 L12L13
L13L14
L14L15
L15116
L16L15"
L15’1L.14"
L14°L13’
L13’L12/

2 Lo’L1/
L1122’
L2137
L3’L47

-3 LOL1
L1122
L2L3
L3L4

4 - 7 LOL1
Lin.2
L2L3
L3L4
LALS
L5L6
LeL7
L7L8

UPPER CHORDS

u9u1l0
Ul0Uull
Uilul2
Ui2/011’
Ul1/010’
Uio’ue’

Us’ue’
ue’U7’
u7-’us’
Us8/ug’

UsuU6
Ueu7
U7yUs
(822202

None

DIAGONALS

L1ouU9
L12U11
114013
1L16U15
L1eUl5”
11470137
112011/
L107U9’

L2'U1’
1.4'U5’
L6’uU7’
L8’u9’

L2Uul
L4U5
Leu7
Lsue

L2U1
L4U3
L4U5
LeU7

Figure 6
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